1. Introduction
===============

The Corpus Callosum (CC) is the largest inter-hemispheric pathway in the brain and has been widely studied for its role in hemispheric communication and in lateralized brain function and behaviors. The corpus callosum morphology varies with age, sex, and intellectual ability ([@b1-epj-09-5478], [@b2-epj-09-5478]). Moreover, several neural disorders affect the structural integrity and connectivity of the CC. For example, variations in the CC size and shape are associated with disease processes in autism and schizophrenia ([@b3-epj-09-5478]--[@b6-epj-09-5478]). The healthy brain exhibits both structural and functional asymmetries ([@b7-epj-09-5478]). A reduction in the CC area has been reported in schizophrenia mostly for the failure of the left hemisphere dominance ([@b8-epj-09-5478]). Structural deficits of CC may correlate to the abnormal asymmetry of intra-hemispheric connectivity in schizophrenia ([@b9-epj-09-5478]). The left hemisphere is dominant for language and handedness and the right hemisphere for nonverbal functions, such as spatial attention and the processing of faces ([@b10-epj-09-5478]--[@b12-epj-09-5478]). Also, in schizophrenia patients, asymmetry of language-related processing is decreased ([@b13-epj-09-5478]--[@b17-epj-09-5478]). Magnetic resonance imaging (MRI) studies showed that the CC size was positively correlated with verbal memory capacity and semantic coding test performance ([@b18-epj-09-5478]). The results of a 2001 study by Bradley and colleges showed that the morphology variants of the CC were divided into eight shapes that form more than 90% shapes of the CC ([@b19-epj-09-5478]). Different shapes of the CC include splenial bulbosity (type 1), overall thickness (type 2), overall curvature (type 3), anterior body thickness (type 4), thick and arched anterior body (type 5), thin and arched anterior body (type 6), splenial thickness (type 7) and arch mid-body (type 8). The results of some studies demonstrated that schizophrenia is associated with a reduced CC area when compared with the results from healthy controls ([@b20-epj-09-5478]). Despite a large number of studies, few systematic findings are related to sexual dimorphism of the CC in patients with schizophrenia. Also, the influence of illness chronicity was vague to be elucidated. Moreover, several cross-sectional studies showed that age had no effect at onset and illness duration on the CC morphology ([@b21-epj-09-5478], [@b22-epj-09-5478]). However, others have shown decreases in the CC size with the duration of illness ([@b23-epj-09-5478]), which varies between the first episode and established schizophrenia ([@b24-epj-09-5478]).

Some studies offer the best solution ([@b25-epj-09-5478], [@b26-epj-09-5478]) and have shown longitudinal changes in the CC pointing to an abnormality in the developmental pathway; however, the logistic difficulties of longitudinal studies limit the conclusions that can be drawn morphology in chronic schizophrenia. The importance of the CC in patients with schizophrenia is because of its probable role in reducing lateralization and sexual dimorphism characteristics ([@b27-epj-09-5478]). The results of one study showed that the mid-saggital CC cross-sectional area was proportionately larger in female ([@b28-epj-09-5478]). The corpus callosum has an anatomically fixed role in reinforcement of cognitive, motor, and sensory information ([@b29-epj-09-5478]). The postmortem anatomical studies showed an increase or decrease in thickness and decrease in the cross-sectional area of the CC in schizophrenic patients ([@b20-epj-09-5478]). In order to show the effect of illness characteristics and positive or negative symptoms on the CC morphology in schizophrenic patients, we examined indices of CC structure using an MRI in patients with schizophrenia and healthy people. This study was designed to investigate the cross-sectional area and morphology of the CC in schizophrenia patients and normal controls.

2. Material and Methods
=======================

2.1. Research design
--------------------

This case-control study was conducted to compare the cross-sectional area and morphology of the CC in patients with chronic schizophrenia (study group) and healthy population (control group) with age range of 20--50 years. Sixty-three consecutive individuals with schizophrenia symptoms who were examined and diagnosed with schizophrenia according to the DSM-IV-TR criteria in the Kashan Kargarnejad Psychiatry Hospital were enrolled in this study between January 2013 and December 2014. The control group consisted of 63 consecutive individuals admitted to other general hospital (Naghavi) at the same time and city for taking an MRI due to different reasons. Both of the mentioned hospitals are governmental.

2.2. Sample size and sampling method
------------------------------------

Sixty-three consecutive individuals with schizophrenia symptoms who were examined and diagnosed with schizophrenia according to the DSM-IV-TR criteria in the Kashan Kargarnejad Psychiatry Hospital were enrolled in this study between January 2013 and December 2014. The control group consisted of 63 consecutive individuals admitted to other general hospital (Naghavi) at the same time and city for taking an MRI due to different reasons. Both of the mentioned hospitals are governmental. The sample size was calculated with a significance level of 0.05 (two-sided) and a power level of 0.90. Sample size calculation was performed based on a pilot study using a formula to compare means of a quantitative variable in two independent groups (α=0.05, β=0.2). The sampling method was simple and convenient and participants enrolled the study by random selection method.

2.3. Inclusion and exclusion criteria for cases
-----------------------------------------------

Inclusion criteria were patients diagnosed with a schizophrenia disorder according to the DSM-IV-TR criteria. Individuals in the study group were excluded from the study if they had psychiatric disorders such as anxiety and mood disorders, an acute medical illnesses such as uremic syndrome, liver or kidney encephalopathy, history of alcohol dependence, HIV positive, use of intravenous amphetamine, neurological disorders, materials and inhalant abuse in last 30 days, history of head injury with loss of consciousness for more than 30 minutes, neurological sequel in imaging in the last 6 months. We did not have any missing value in our study.

2.4. Inclusion and exclusion criteria for controls
--------------------------------------------------

Inclusion criteria for the control group consisted of individuals admitted to Naghavi hospital (Naghavi) for an MRI due to different reasons. Individuals in the control group were excluded from the study if they had psychiatric disorders such as anxiety and mood disorders, the acute medical illnesses such as uremic syndrome, liver or kidney encephalopathy, history of alcohol dependence, HIV positive, use of intravenous amphetamine, neurological disorders, materials and inhalant abuse in last 30 days, history of head injury with loss of consciousness for more than 30 minutes, neurological sequel in imaging in the last 6 months. We did not have any missing value in our study.

2.5. Procedures and data collection
-----------------------------------

The severity of general psychopathological symptoms and overall functioning were evaluated using the positive and negative syndrome scale (PANSS) in patients with schizophrenia. Data regarding patients' characteristics and PANSS were collected by one clinical psychologist. All MRIs were interpreted by one radiologist.

2.6. Magnetic Resonance Scanning and Image Processing
-----------------------------------------------------

All subjects were scanned on a 1T GE Philips MRI machine. The imaging was two-dimensional in the steady-state protocol T2 sequence with 3 mm sagittal slices. Imaging parameters were time-to-echo, 100 ms; time-to-repetition, 4914 ms; flip angle, 90°; field of view, 290/1:3 cm matrix. Anteroposterior length of CC was measured from genu to splenium, one third of sagittal slices' thickness were used for measuring surface area. Morphology, area, and length of the anteroposterior of midsagittal CC were measured by a radiologist and compared in subjects in both groups.

2.7. Bias and confounders and statistical analysis
--------------------------------------------------

Specifically, selection bias is a common type of bias in case-control studies. With a randomized sampling method, we managed the potential confounders and avoided the bias. The Kolmogorov--Smirnov test was used to consider normality of data distribution. Also, chi-square test, t-test, Pearson product-moment correlation coefficient test, bivariate analysis of variance and logistic regression were used to test the association between different variables using IBM© SPSS© Statistics version 20 (IBM© Corp., Armonk, NY, USA)

2.8. Ethics of research
-----------------------

This study received ethics approval (No. 2587, date: 2012/10/1) from our local institutional review committees. A written informed consent was obtained from all the participants, and the patients' information was kept confidential.

3. Results
==========

From a total of 126 participants, 55.6% were male (n=35, in each group). The results of the Kolmogorov--Smirnov test showed that, among all variables (including age, anteroposterior length, and surface area of the CC) just age had no normal distribution. The median and inter quartile range (IQR) of age in the participants of both groups were 38 and 13, respectively. The youngest age was 20 years old and the oldest was 49 in both groups. There was no significant difference between the two groups regarding age and sex. In addition, the possible confounding role of these variables was controlled in the logistic regression model. The percentages of all types of the CC in the control group were more than the schizophrenia group, except two types, including splenial bulbosity (Type 1) and splenial thickness (Type 7), which were 54%, 33.3% and 15.9%, 4.8% in the schizophrenia and control groups, respectively ([Table 1](#t1-epj-09-5478){ref-type="table"}). Also, splenial bulbosity (Type 1) is the most common type of CC in both genders of the two groups except male schizophrenic patients ([Table 2](#t2-epj-09-5478){ref-type="table"}). The mean CC area was 0.61 mm ± 0.108 mm in the schizophrenia group and 0.8 mm ± 0.17 mm in the control group, which was statistically significant (p \< 0.001). Moreover, the anteroposterior length of the CC was 69 mm ± 4.2 mm in the schizophrenia group and 69.4 mm ± 7mm in the control group (p=0.75), which was not statistically significant. There was a significant difference between the anteroposterior length and area of the CC regarding gender in both groups (p=0.014); in females, the anteroposterior length of the CC in the schizophrenia group was further compared with the control group; however, in males, the anteroposterior length of the CC in the schizophrenia group was less than that in the control group. On the other hand, the mean of CC area was more in both male and female participants in the control group compared with that in the schizophrenia group (p=0.001), ([Table 3](#t3-epj-09-5478){ref-type="table"}). In general, the mean age of men (n=70) was 37 years old and for women (n=56) was 37.75; thus, the difference was not statistically significant (p=0.5). The mean of severity of positive and negative symptoms in the schizophrenic patients and the anteroposterior length and area of the CC in both groups in males were more than females ([Table 4](#t4-epj-09-5478){ref-type="table"}). According to the results of the present study, there was an inverse correlation between positive and negative symptoms (p=0.002). Also, positive correlation was found between positive and negative symptoms and symptom severity (p=0.001). Moreover, there was a positive correlation between the area and anteroposterior length of the CC in both groups (p=0.001) ([Table 5](#t5-epj-09-5478){ref-type="table"}). Our study showed that female gender significantly increased the odds of schizophrenia (OR=0.22, CI: 0.068--0.69) ([Table 6](#t6-epj-09-5478){ref-type="table"}).

4. Discussion
=============

The purpose of this study was to evaluate the morphological differences of the CC between patients with chronic schizophrenia and healthy people as well as to study the relationship between the characteristics of the CC and schizophrenia severity. To the best of our knowledge, no study has been conducted in Iran to examine the association between the characteristics of the CC and schizophrenia severity.

4.1. Shape of the Corpus Callosum
---------------------------------

Results of the present study showed that two types of the CC (Type 1 and 7) in patients with chronic schizophrenia were more than in the control group. Also, splenial bulbosity (Type 1) was the most common shape of the CC in both groups. Splenial bulbosity (Type 1) and splenial thickness (Type 7) have smaller thickness in isthmus and post-mid-body of the CC compared with other types of the CC. Similar to our study, Balevich et al. ([@b30-epj-09-5478]) suggested that a chronic phase of schizophrenia is characterized by deficits in posterior of the CC; also they found that the first episodes of schizophrenia are characterized by deficiencies in frontal connections. However, Waltefang et al. ([@b31-epj-09-5478]) found reductions in the size of anterior callosum for the first episode and established schizophrenia and, unlike our in study, showed an increase in thickness in the splenium and isthmus. Moreover, they showed that ([@b24-epj-09-5478]) a decrease in width of the CC in anterior genu in patients with chronic schizophrenia was fewer than in the first episode. Also, in a study of Keshvan (2002) and Bechmann (2003) et al. on first-episode schizophrenia showed a smaller CC, anterior genu, body, isthmus, and anterior splenium than normal controls, and they indicated predominantly anterior and posterior changes of the area of the CC ([@b32-epj-09-5478], [@b33-epj-09-5478]). The corpus callosum in patients with schizophrenia appears to be different from healthy controls and across different stages of illness ([@b24-epj-09-5478], [@b31-epj-09-5478]). In our study, the most common shapes of the CC in both genders of the control group and females of the schizophrenia patients were splenial bulbosity (Type 1); however, in males of the schizophrenia patients, the overall thickness type (Type 2) and splenial bulbosity (Type 1) were the second most common shapes. Similar to our study, Gupta et al. ([@b34-epj-09-5478]) in India did not find any difference in the morphology of the CC based on sex. However, Peterson and colleagues ([@b19-epj-09-5478]) claimed that the anterior body of the CC in males was thinner compared with females. Also, Luders and Tuner et al. ([@b35-epj-09-5478], [@b36-epj-09-5478]) suggested that the morphology of the CC has a significant difference in both sexes. As observed in related studies, differences in the shapes of the CC between schizophrenia and control groups as well as among genders in different studies could be related to the number of samples included in the study and breed of the participants and methods of sample collection and assessment studies, which need to be further investigated.

4.2. Area and Length of the Corpus Callosum
-------------------------------------------

In our study, the CC area was significantly reduced in schizophrenia patients compared with the control group in line with most of the studies conducted so far ([@b37-epj-09-5478]). Colinson et al. ([@b38-epj-09-5478]) found that the area of the CC was significantly reduced in schizophrenic patients compared with the controls. Moreover, patients with chronic schizophrenia had a larger CC area compared with the first episode and controls. However, no significant difference in the CC was found between genders in either patients or controls. Contrary to the study of Colinson, our study showed significant differences in anteroposterior length and area of the CC based on sex in different groups, so that female patients with schizophrenia significantly increased the odds of schizophrenia. Also, Arone et al. ([@b20-epj-09-5478]) suggested that the area of the CC in the schizophrenia group was smaller than the control group and in chronic patients was more than first episode of schizophrenia. Nevertheless, Narr et al. ([@b3-epj-09-5478]--[@b6-epj-09-5478]) showed increase of maximum width of anterior and posterior of the CC in men of the schizophrenia group compared with those of the control group. Frumin et al. ([@b39-epj-09-5478]) found no significant difference in the area of CC between the first episode of schizophrenia and the first episode of psychosis with a mood disorder; however, there were structural differences in shapes of the CC in the two groups. Moreover, the anteroposterior length of the CC was little more in the control group; however, it was not statistically significant. Walterfang and colleagues' study showed significant area reductions in the mid-anterior and posterior areas in patients with first episode and overall reduction in chronic schizophrenia. Additionally, negative correlations were seen between the duration of illness and the CC area ([@b40-epj-09-5478]). Moreover, Walterfang examined callosal morphology in a large sample of patients and found decreases in callosal width in the anterior genu in schizophrenia patients. Mitelman and colleagues ([@b41-epj-09-5478]) demonstrated a smaller CC size in patients with schizophrenia compared with normal controls at baseline and after four years' follow-up. The authors also found that the CC was more elongated in patients with poor outcome compared with those with a good outcome. Our study showed that, regarding gender, the length and area of the CC in males were more than those of females in both groups. Furthermore, Suganthy and Mourgela ([@b42-epj-09-5478], [@b43-epj-09-5478]) found that the anteroposterior length of the CC in males was more than that of female; however, the CC area was the same for both genders. Also, Gupta ([@b34-epj-09-5478]) perceived that the area and length of the CC in two genders were different that were significant. Contrary to our study, Luders ([@b35-epj-09-5478]) did not find any difference between the area and length of CC in two genders. In the general healthy population, most of the MRI investigations have reported larger CC in females, although studies with the opposite finding also appear in the literature. In a meta-analysis of 43 MRI studies, which reported the effects of sex and age on the CC morphology, Driesen and Raz ([@b44-epj-09-5478]) found that an absolute CC area was more in males compared with females, but, when overall brain size and volume were controlled for the direction of the sex, the difference was reversed. Moreover, Jancke and colleagues ([@b45-epj-09-5478]) showed that the only apparent influence of sex was on CC ratios, which were larger in females. Whether this difference is also partially attributable to generally larger CC ratios in Asian people remains to be determined by cross-cultural studies; presently, however, little data exist that can clarify the correlation between CC and brain volume in this population. In the Takeda et al. ([@b46-epj-09-5478]) study, in a CC increased with age, no sex differences in a regional size of the CC were observed. The differences of anteroposterior length and area of the CC in genders can be related to the differences in function of the brain. Neuropsychological studies and last MRI imaging findings in males showed that brain functions were mostly concentrated on the frontal cortex ([@b47-epj-09-5478]). The results of the present study indicated that the mean of positive and negative symptom severity scores and anteroposterior length and area of the CC in males were more than those in females. Based on the study of Meng et al. ([@b48-epj-09-5478]), from infancy until old age by diffuse tensor imaging (DTI), they received that transcalossal connections in dorsolateral and ventrolateral cortex of the frontal cortex were prominently correlated with aging. However, they were less correlated with temporal, posterior, and visual cortexes. Kate Smith et al. ([@b49-epj-09-5478]) showed that DTI abnormalities between two hemispheres of the brain in patients with chronic schizophrenia were more related to the posterior part of the frontal lobe. It is believed that changes in the CC occur secondary to age-related changes or frontal lobe pathology ([@b50-epj-09-5478]). Therefore, we can conclude that the CC changes are associated with changes in the frontal lobe, which require further consideration. Better understanding of the differences in the corpus callosum size in patients requires more investigation such as the implementation of the results of electrophysiological findings. Paying attention to some characteristics, such as intelligence and people skills can be helpful in interpreting the different results of brain imaging findings. In a study conducted on patients with schizophrenia in patients without auditory hallucination reduced fractional anisotropy in arcuate fasciculus, uncinate fasciculus and inferior longitudinal fasciculus and in patients with auditory hallucination fractional anisotropy in the CC and arcuate fasciculus showed an increase. This evidence showed abnormalities in white matter fiber bundles in frontal and temporal lobes. In addition, frontotemporal connections of the brain and other white matter areas are less probable to be involved in schizophrenia. These areas include CC, anterior arm of internal capsule, and fornix ([@b29-epj-09-5478]). These results demonstrated that, in schizophrenia, greater reductions could suggest a specific failure of myelination that occurs normally in childhood and adolescence ([@b22-epj-09-5478], [@b32-epj-09-5478], [@b33-epj-09-5478], [@b51-epj-09-5478]). However, in our study, no association was found between severity of schizophrenia and the anteroposterior length and area of CC. This difference may be due to a small number of patients, the methods to evaluate patients, and a low number of physicians evaluating patients. Therefore, further studies with larger sample sizes, more precise imaging methods, and more professionals are needed to evaluate the symptoms of schizophrenia. The results of this study showed the morphological differences of the corpus callosum in the two groups and its relation to age, sex, and symptoms of schizophrenia. Therefore, the pathological findings of the corpus callosum are related to the pathologies of different lobes of the brain, especially the frontal lobe. Morphologic characteristics of the CC will be helpful to anticipate schizophrenia, especially in a patient's family, and it can be used for suitable and faster treatment to prevent progressive cognitive dysfunction. The main strength of our study is that we not only consider the association between the CC characteristics and schizophrenia but also study the relationship between the CC features and severity of schizophrenia. This study has a few limitations that provide opportunities for future research. First, the use of a cross-sectional design, which limits the generalizability of findings from this study due to a small number of samples; second, lack of enough knowledge on age of disease onset, disease duration, and duration of exposure to antipsychotic medications; third, bias in recruitment characteristics.

5. Conclusions
==============

The results of this study showed the morphological differences of the corpus callosum in the two groups and its relation to age, sex, and symptoms of schizophrenia. Therefore, the pathological findings of the corpus callosum are related to the pathologies of different lobes of the brain, especially the frontal lobe. Morphologic characteristics of the CC will be helpful to anticipate schizophrenia, especially in a patient's family, and it can be used for suitable and faster treatment to prevent progressive cognitive dysfunction. However, further investigations are necessary for evaluation and development of this diagnostic method.
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###### 

Comparison of Corpus Callosum Morphology Between the Two Groups[a](#tfn1-epj-09-5478){ref-type="table-fn"}

  Morphology of CC                          Schizophrenia; *n* (%)   Control; *n* (%)
  ----------------------------------------- ------------------------ ------------------
  Splenial bulbosity (type 1)               34 (54)                  21 (33.3)
  Overall thickness (type 2)                14 (22.2)                18 (28.6)
  Overall curvature (type 3)                3 (4.8)                  8 (12.7)
  Anterior body thickness (type 4)          0                        2 (3.2)
  Thick and arched anterior body (type 5)   1 (1.6)                  5 (7.9)
  Thin and arched anterior body (type 6)    1 (1.6)                  3 (4.8)
  Splenial thickness (type 7)               10 (15.9)                5 (4.8)
  Arch mid-body (type 8)                    0                        1 (1.6)

Abbreviation: CC, corpus callosum.

###### 

Comparison of Corpus Callosum Morphology Between the Two Groups Based on Gender

  Morphology of CC                          Female   Male          
  ----------------------------------------- -------- ------ ------ ------
  Splenial bulbosity (Type 1)               53.6     50     54.3   20
  Overall thickness (Type 2)                21.4     17.9   22.9   37.1
  Overall curvature (Type 3)                3.6      10.7   5.7    14.3
  Anterior body thickness (Type 4)          0        0      0      5.7
  Thick and arched anterior body (Type 5)   3.6      7.1    0      8.6
  Thin and arched anterior body (Type 6)    3.6      3.6    0      5.7
  Splenial thickness (Type 7)               14.2     10.7   17.1   5.7
  Arch mid-body (Type 8)                    0        0      0      2.9

###### 

Comparison of Magnetic Resonance Imaging Finding in Both Groups

  Variables                          Schizophrenia, Mean (SD)           Control, Mean (SD)   p-value       
  ---------------------------------- ---------------------------------- -------------------- ------------- -------
  Age (year)                         37.4 (7.56)                        37.2 (7.8)           0.5           
  PANSS                              Positive symptom                   34.2 (6.9)           \-            \-
  Negative symptom                   34.2 (6.7)                         \-                                 
  Symptom severity                   139 (14.08)                        \-                                 
  MRI finding                        Anteroposterior length of the CC   69 (4.2)             69.4 (7)      0.75
  Area of CC                         0.61 (0.108)                       0.8 (0.17)           \>0.001       
  Anteroposterior length of the CC   Female                             67.9 (3.8)           67.7 (6.2)    0.014
  Male                               69.9 (4.4)                         70.7 (7.3)           0.014         
  Surface area of the CC             Female                             0.57 (0.07)          0.73 (0.17)   0.001
  Male                               0.64 (0.11)                        0.86 (0.15)          0.001         

###### 

Mean of Symptom Severity and Anteroposterior Length and Area of the Corpus Callosum Based on Sex

  Variables                          Sex     Mean    SD      p-value
  ---------------------------------- ------- ------- ------- ---------
  Anteroposterior length of the CC   Male    70.38   6.05    0.014
  Female                             67.83   5.14            
  Surface area of the CC             Male    0.75    0.17    0.001
  Female                             0.65    0.15            
  Positive symptom severity          Male    34.4    5.82    0.8
  Female                             34.14   8.32            
  Negative symptom severity          Male    35.22   6.51    0.19
  Female                             33      6.85            
  Total severity                     Male    139     12.98   0.9
  Female                             139     15.6            
  Age (year)                         Male    37      7.82    0.5
  Female                             37.75   7.52            

###### 

Correlation Between Symptom Severity and Anteroposterior Length and Area of the Corpus Callosum

  Variables                                        Positive symptom   Negative symptom   Symptom severity   Anteroposterior length of the CC   Area of the CC
  ---------------------------------- ------------- ------------------ ------------------ ------------------ ---------------------------------- ----------------
  Positive symptom                   Correlation   1                  -0.392             0.461              0.11                               0.005
  *p*-value                          \-            0.002              0.001              0.386              0.971                              
  Negative symptom                   Correlation   -0.392             1                  0.503              -0.013                             0.07
  *p*-value                          0.002         \-                 0.001              0.917              0.55                               
  Symptom severity                   Correlation   0.461              0.503              1                  0.051                              0.038
  *p*-value                          0.001         0.001              \-                 0.69               0.77                               
  Anteroposterior length of the CC   Correlation   0.111              -0.013             0.05               1                                  0.53
  *p*-value                          0.386         0.917              0.69               \-                 0.001                              
  Surface area of the CC             Correlation   0.005              0.077              0.038              0.53                               1
  *p*-value                          0.971         0.55               0.77               0.001              \-                                 

###### 

Parameters of Logistic Regression to Predict Schizophrenia

  Variable                           OR     95% CI        *p*-value
  ---------------------------------- ------ ------------- -----------
  Age (year)                         1.01   0.95--1.08    0.76
  Sex (female)                       0.22   0.068--0.69   0.01
  Anteroposterior length of the CC   1.1    0.99--1.22    0.084

OR: Odds ratio
